Whole mount in situ hybridisation was used to study the embryonic expression of the mouse HMG box-containing genes Sox1, Sox2 and Sox3 between 6.5 and 9.0 days post coitum (dpc). Sox2 and Sox3 are expressed in the epiblast and extraembryonic ectoderm of the egg cylinder, becoming restricted to the prospective neural plate and chorion at the onset of gastrulation. Sox3 is upregulated in the posterior ectoderm during late streak and neural plate stages and is concomitantly downregulated in the chorion. Sox1 transcripts are ®rst detected in the neural fold ectoderm at the headfold stage. During early somitogenesis, all three genes are expressed in the neuroectoderm, and Sox2 and Sox3 are also expressed in the primitive streak ectoderm, gut endoderm and prospective sensory placodes. q
Introduction
Sox1, Sox2 and Sox3 are members of the family of HMG DNA binding domain-containing transcription factors related to the testis-determining gene Sry (Collignon et al., 1996; Pevny and Lovell-Badge, 1997) . They encode proteins with a considerable degree of sequence homology both within and outside the HMG box and, along with the recently discovered Sox14 and Sox21 (Rex et al., 1997b; Arsic et al., 1998) , comprise the subfamily group B of Sox genes.
In the mouse, the three genes are reported to be expressed mainly in the developing central nervous system (CNS) (Collignon et al., 1996; Pevny and Lovell-Badge, 1997; Pevny et al., 1998) . Sox2 and Sox3 mRNA has been detected in non-neural tissues, including placodal epithelium and gut endoderm (Collignon et al., 1996; Pevny and Lovell-Badge, 1997) , and expression of SOX1 and SOX2 protein has been documented in the developing eye (Nishiguchi et al., 1998) . The expression patterns of the chick homologues of Sox2 and Sox3 have been described in more detail (Uwanogho et al., 1995; Rex et al., 1997a; Streit et al., 1997) , and show similarities to the mouse data; however, we have identi®ed interspecies differences during gastrulation.
In this report, we provide a comprehensive map of the spatiotemporal distribution of Sox1, Sox2 and Sox3 mRNA in whole mouse embryos and sections from pre-gastrulation stages up to early CNS development. The most signi®cant ®ndings of the study are that Sox3 is expressed in the posterior ectoderm during neural plate stages, that Sox2 and Sox3 are expressed in the ectoderm overlying the primitive streak, and that each gene shows a characteristic pattern of expression within the hindbrain.
Results
2.1. Sox1, Sox2 and Sox3 expression between 6.5 and 8.0 dpc At the pre-streak stage (6.5 dpc), both Sox2 and Sox3 are expressed throughout the epiblast and in a band of extraembryonic ectoderm abutting the embryonic/extraembryonic boundary ( Fig. 1, PS) . For both probes, the width of the extraembryonic band varies between embryos, but the Sox2 band is generally slightly broader than the Sox3 band. During early gastrulation, expression of both genes in the embryo becomes restricted to the anterior ectoderm, while the extraembryonic expression becomes con®ned to At the onset of neural plate formation ( Fig. 1, LB) , the Sox2 domain demarcates a region of anterior ectoderm which, according to fate mapping experiments (Lawson and Pedersen, 1992; Tam and Beddington, 1992) , gives rise to neuroectoderm and anterior surface ectoderm.
During the late-streak stage, Sox3 expression spreads into the posterior epiblast (Fig. 1 , LB and Sox3 sections) which, according to the fate map, contains cells that contribute to paraxial mesoderm (Lawson and Pedersen, 1992) . At the headfold stage, Sox2 and Sox3 show complementary anteroposterior gradients of expression, with Sox2 expressed most strongly in the anterior ectoderm and Sox3 biased towards the posterior (Fig. 1, HF) . Sox1 is ®rst detected at the late headfold stage, with low-level expression in the neural plate ectoderm (Fig. 1, HF) .
Interestingly, our data reveal differences in gene expression patterns between the mouse and the chick. In the mouse, both Sox2 and Sox3 are expressed prior to gastrula- Fig. 1 . Whole mount in situ hybridisation using Sox1, Sox2 and Sox3 riboprobes on mouse embryos between 6.5 and 8.0 dpc. Embryos were staged according to the scheme devised by Downs and Davies (1993) . Stages: PS, pre-streak; MS, mid-streak; LS, late streak; LB, late allantoic bud (neural plate stage); HF, headfold. The anterior of each embryo is to the left, except for the pre-streak stage, when there is no apparent A-P polarity. Levels of transverse sections a and b are indicated by arrows; the sections show that expression is restricted to the ectodermal layer. Scale bar, 200 mm. tion, whereas in the chick, only cSox3 is expressed at this stage (Rex et al., 1997a) . Also, cSox3 mRNA has not been detected in the ectoderm posterior to Hensen's node.
2.2. Sox1, Sox2 and Sox3 expression between 8.0 and 9.0 dpc Sox1, Sox2 and Sox3 are expressed in the neuroectoderm from the onset of somitogenesis (Fig. 2A) . Around the 1-3 somite stage, Sox2 is upregulated in the ectoderm overlying the primitive streak. At the same time, Sox3 shows a very dynamic pattern of expression, with transcripts receding from the streak ectoderm, but returning by the 6-somite stage and continuing to be detected in this region.
Sox1 is downregulated in the¯oor of the diencephalon, the optic vesicles and the¯oorplate of the hindbrain (Fig.  2C, Section d) . Sox1 and Sox3 transcripts become excluded from the¯oorplate of the neural tube and from the border between the neuroectoderm and surface ectoderm (future roofplate) (Fig. 2C sections c ,f,i; Pevny et al., 1998 and data not shown).
At the 6-somite stage, Sox2 and Sox3 transcripts are present in a region of surface ectoderm adjacent to the hindbrain (Fig. 2C, sections b,c) , and Sox2 is expressed in the ectoderm overlying the ®rst branchial arch (Fig. 2B , 8±10 s and 12±14 s). At the 8-10 somite stage, the surface ectoderm expression becomes more restricted; both genes are expressed in the ectoderm overlying the second branchial arch (small arrows in Fig. 2B ), and Sox2 is also expressed in the ventral half of the otic placode (Fig. 2C, section h ) and the nasal placode (Fig. 2C, section e) . Collignon et al. (1996) reported expression of Sox3 in the nasal placode, but at a later stage (9.5 dpc) than we show in the present study.
Sox2 is expressed throughout the gut endoderm (Fig.  2B ,C, sections b,h) and Sox3 transcripts are detected in the posterior region of the foregut (large arrow in Fig.  2B ,C, section i). This probably results from de novo gene activation, as we do not observe Sox2-or Sox3-expressing cells in the early de®nitive endoderm. Similarly, the reported expression of Sox2 in the peripheral nervous system (PNS) (Pevny and Lovell-Badge, 1997) seems to arise independently from the CNS expression, as we have not detected Sox2-positive cells in the neural crest which gives rise to the PNS.
Differential expression of Sox1, Sox2 and Sox3 in the hindbrain
During the 4-6 somite stage, Sox1 is downregulated in rhombomeres (r) 3 and 5, while Sox2 becomes downregulated in a broader zone corresponding to r5 and r6, and Sox3 becomes upregulated in r5 (Fig. 2B, 6s) . At the 8-10 somite stage, Sox1 becomes upregulated in the dorsal half of r3 and r5, excluding the border with the surface ectoderm, (Fig.  2B,C, section g ), and Sox3 transcripts in r3 and r5 become restricted to the ventral half, excluding the¯oorplate (Fig.   2B,C, section i) . At the 12-14 somite stage, Sox1 and Sox2 transcripts show complementary dorsoventral distributions in r5 (Fig. 2C, sections g,h) .
Methods
The Sox1 probe was a 2 kb EcoRV-KpnI fragment 5 H from nt 412, the Sox2 probe was a 747 bp AccI-KpnI fragment (nt 1282±nt 2029) and the Sox3 probe was a 1.8 kb NotI-KpnI fragment 3
H from nt 882 (Collignon et al., 1996) . Whole mount in situ hybridisation was carried out as described by Wilkinson (1992) . Embryos were destained in acidi®ed PBT (PBS containing 0.1% Tween-20), post®xed for 1 h in 4% paraformaldehyde in PBS, then cleared through 50 and 80% glycerol in PBT for whole-mount photography. For sectioning, embryos were embedded in paraf®n and sectioned at 10 mm.
